Dyslipidemia is one of the main risk factors for cardiovascular disease (CVD). Ficus carica fruit and leaf contain polyphenolic compounds that can inhibit lipid peroxidation. Our research aimed to study the effect of ethanol extract of F. carica fruit (Fc FrEx ) and F. carica leaves (Fc LfEx ) on serum lipid (total cholesterol, LDL chol , HDLc hol , Triglyceride (TG)), TNF-α, and MDA levels in rat fed a high-fat diet. This experiment was a randomized control group design with pre and post-test using 32 male Sprague Dawley rats. The animals were divided randomly into 4 groups: control diet (C), high-fat diet (HF), high-fat diet plus Fc FrEx (HF+Fc FrEx ), and high-fat diet plus Fc LfEx (HF + Fc LfEx ). The high-fat diet was given to HF, HF+Fc FrEx , and HF+Fc LfEx groups for 7 weeks and then Fc FrEx and Fc LfEx at 400 mg/kg BW were given to HF+Fc FrEx and Fc LfEx groups respectively for 3 weeks. Data for each group at the end of 7 weeks feeding (pre-test) and the end of the experiment i.e 10 weeks (post-test) were analyzed using the paired t-test. Data among groups were analyzed by one-way ANOVA followed by LSD test. The results showed that Fc FrEx and Fc LfEx at 400mg/kg BW can reduce serum lipid, TNF-α, and MDA levels. In conclusion, both Fc FrEx and Fc LfEx can ameliorate dyslipidemia and oxidative stress due to a high-fat diet in Sprague Dawley rat.
Introduction
A diet called Western pattern diet (WPD) is characterized by a high intake of red meat, processed meat, pre-packed foods, butter, fried foods, potatoes, high-fructose corn syrup, and highfat dairy products. 1 This dietary pattern is widespread in some Asian countries including Indonesia and it can result in dyslipidemia. 2 Dyslipidemia is characterized by abnormal levels of serum lipids with serum total cholesterol > 200 mg/dl, triglyceride > 150 mg/dl, LDL chol > 160 mg/dl, HDL chol < 40 mg/dl for males and < 50 mg/dl for females. 3 Dyslipidemia is one of the main risk factors for cardiovascular disease (CVD) which is the major cause of death in the world. 4 In 2016, 17.9 million people died from CVD, representing 31% of all global deaths. 5 Dyslipidemia can lead to endothelial dysfunction where LDL chol particles can easily enter into an arterial wall and trapped inside sub-intimal through apolipoprotein B100. Trapped LDL chol particles can be damaged by free radicals and undergo oxidation. 6 In addition, monocytes could penetrate arterial wall 7 and release granulocyte and macrophages colony-stimulating factor (G-CSF dan M-CSF) in response to inflammation. 6 Inflammation transforms monocyte into a macrophage. 7 Macrophages combine lipoprotein such as beta-low density lipoprotein (βVLDL), acetylated low-density lipoprotein (AcLDL), and oxidized low-density lipoprotein (OxLDL) through a scavenger receptor (SR) on their surface. 8 The combined lipoprotein is brought into liposomes to be hydrolized to free cholesterol and transported to endoplasmic reticulum to be re-esterified by acyl-CoA: cholesterol acyltransferase-1 (ACAT1). Esterified cholesterol is stored as a lipid-laden droplet causing macrophages to appear as foam and called foam cells. 8, 9 Foam cells further produce proinflammatory cytokines such as interleukin (IL-1, IL-6), and Tumor Necrosis Factor-alpha (TNF-α). Increase proinflammatory cytokines can stimulate oxidative stress by increasing reactive oxygen species (ROS) which will attack polyunsaturated fatty acids (PUFAs) causing lipid peroxidation. 10, 11 Lipid peroxidation produces lipid hydroperoxide which can be converted into malondialdehyde (MDA), 4-hydroxy-2-nonenal (4-HNE), and some other forms of aldehydes. 12 Therefore, dyslipidemia induces production of proinflammatory cytokine TNF-α and biomarker of oxidative stress i.e. MDA. 13 This plant has been grown widely in European countries, Australian continent, even in Indonesia. F. carica fruit and F. carica leaves are well known for its high polyphenol contents as high as 49 mg/100 g and 32 mg/100 g respectively. 14 Polyphenolic compounds are strong antioxidant 15 and it is expected to prevent or reduce oxidative stress and inflammatory cytokine production which can be induced by dyslipidemia due to a high fat diet. Although some studies have shown that F. carica fruit or leaf administered orally can reduce serum lipid profile, 16, 17 there has been no study of its effect on serum inflammatory cytokine TNF-α and oxidative biomarker MDA in rats fed a high fat diet. Therefore, we study the effect of administration of Fc FrEx and Fc LfEx in high-fat diet on serum lipid, TNF-α, and MDA in Sprague Dawley rats. 
Research Methods

Materials
Ficus carica fruits and F. carica leaves were obtained from Tin plantation (Syava Garden) located in Barukan, Tengaran Village, Salatiga district, Central Java. Extraction of the fruits and leaves were carried out by maceration method using 96% ethanol (Merck). Serum TNF-α and MDA were determined using the Elisa kit (Bioassay, Shanghai, China). The extraction of FcF and FcL and determination of phenols in the extracts were carried out in certified laboratories, at Diponegoro University-Integrated Laboratory for Research and Services, Semarang. In vivo rat experiment was carried out at Animal Laboratory, Faculty of Medicine, Diponegoro University, Semarang.
Extraction of F. carica Fruits and Leaves 18
The fruits and leaves were sun-dried approximately for 3 days. Each of the dried materials was homogenized in 96% ethanol (Merck) using a blender. The sample was placed in beaker glasses with aluminium foils cover, soaked in ethanol for 24 hours and mixed in a shaker at 150 rpm. The samples were filtered using 125 mm Whatman filter, and the filtrate was dried at 50 0 C in oven for 3 days. Total Polyphenol content (TP) was determined using the Folin-Ciocalteau assay. In short, 0.1 mL of FcF extracts was diluted to 0.5 mL using distilled water. Then, 0.1 mL of Folin-Ciocalteau was added and mixed by shaking on a water bath for 5 min. After 5 min reaction, 0,2 mL Na 2 CO 3 was added and the total volume of the reaction mixture was made to 2 mL by adding distilled water and incubated at room temperature for 2 hours. The total phenol was read at 760 nm. The same step was carried out to FcL extraction. Tannic acid was used to generate a standard curve. Polyphenol contents were expressed as grams of Tannic Acid Equivalent (TAE) 100 g -1 dry weight.
High-Fat Diet
We formulated our own high-fat diet by mixing a laboratory rat diet (CP-594 which contains 77.5-79.5% carbohydrate, 17.5-19.5% protein, and 3% fat); with wheat flour, coconut oil, beef tallow, cholesterol powder (Merck), cholic acid (Merck), and water until homogeneous. The mixture is formed into pellets and the pellets were dried in an oven. The pellet of high-fat diet contains 30% fat, 55% carbohydrate, 12% protein, 2% cholesterol, 0,1% cholic acid. 21
In Vivo Experimental Design
Thirty-two male 2 months old Sprague Dawley rats with body weight of 170-190 grams, were obtained from Test Animal Farm, UD. Tiput Abadi Jaya, Yogyakarta. Rats were kept in a laboratory with temperature 24±2 0 C and 40±5% humidity, 12 hours dark and light, with ad-libitum normal feed and free access of drinking water. After 7 days of acclimatization, rats were divided into 4 groups: control diet group (C), high fat diet group (HF), high fat diet + 400 mg/kg BW of ethanol extract of F. carica fruits (HF+Fc FrEx ), and high fat diet + 400mg/kg BW ethanol extract of F. carica leaves (HF+Fc LfEx ). The high-fat diet was given 18 g/day to HF, HF+Fc FrEx , and HF+Fc LfEx groups for 7 weeks. At the end of 7 weeks of feeding, a 3 mL of overnight fasting blood was sampled via retro-orbital plexus to obtain pre-test data. Then, HF+Fc FrEx and HF+Fc LfEx groups were given the extracts for 3 weeks followed by overnight blood sampling to obtain post-test data. Blood samples were centrifuged at 4000 rpm for 15 minutes to obtain the serum. The serum was stored frozen until analyses. Body weight and feed intake were recorded weekly.
Total Cholesterol Determination 22
Total Cholesterol was determined by colorimetry enzymatic cholesterol p-aminophenazone cholesterol method (CHOD-PAP, DiaSys). A serum of 0.01 mL plus 1 mL cholesterol reagent solution was homogenized using vortex and left for 20 minutes at room temperature. The absorbance of the mixture was measured at 500 nm against the blank (1 mL cholesterol reagent and 0.01 mL distilled water). For standard, the serum is replaced by cholesterol standards.
HDL Determination 22
HDL determination was started by precipitating chylomicron, VLDL cholesterol, and LDL cholesterol. 0.02 mL serum was added with 0.5 mL of sediment solution. Then the solution was centrifuged for 20 minutes at 4500 rpm. The supernatant of 0.01 ml, was added with 1 mL cholesterol reagent. Clear supernatants were separated and HDL cholesterol was tested using the CHOD-PAP (DiaSys) method with the same procedure of total cholesterol. The sample absorbance was read at 500 nm against the blanks (1 mL cholesterol reagent and 0.01 mL distilled water).
LDL Determination 23
LDL cholesterol levels were determined according to Friedwald formula: LDL levels = total cholesterol level -HDL levels -(TG/5).
Triglyceride (TG) Determination 22,24
Triglyceride determination using GPO-PAP (DiaSys) was done by adding 1 mL TG reagent into 0.01 mL serum, homogenized using vortex and incubated for 20 minutes at room temperature. The reagents consisted of buffers pH 7.2, 4-chlorophenol, ATP, Mg 2+ , glycerocination, peroxidase, lipoprotein lipase, 4-aminiantipirin, and glycerol 3-phosphate-oxidase. As blanks, 1 mL of TG reagent was added with 0.01 mL distilled water. The mixture absorbance was measured at 500 nm against the blank.
Serum TNF-α Determination
Serum TNF-α determination was carried out using ELISA-kit according to manufacturer instructions (Bioassay, Shanghai, China). The standard TNF-α of 50μl and 40 μl serum of each sample was transferred into a 96 well plates.To the standard and sample wells, 10 μl anti-TNF-α antibody, 50 μl streptavidin-HRP were added. The plates were covered with a sealer and incubated for 1 hour at 37 0 C. After incubation, the plates were rinsed 5 times with wash buffer where the wells were soaked with 0.35 mL wash buffer for at least 1 minute for each wash. Next, 50 μl of each solution A and B were added to each well and incubated again for 10 minutes at 37 0 C in dark. Finally, 50μl of stop solution was added into each well and incubated for another 30 minutes. The initial color blue will turn into yellow. The absorbance of samples in 96 well plates was read by ELISA Reader at 450 nm.
Serum MDA Determination
Serum MDA determination was carried out usingELISA-kit according to manufacturer instructions (Bioassay, Shanghai, China). The standard TNF-α of 50μl and 40 μl serum of each sample was transferred into a 96 well plates.To the standard and sample wells, 10 μl anti-MDA antibody, 50 μl streptavidin-HRP were added. The plates were covered with a sealer and incubated for 1 hour at 37 0 C. After incubation, the plates were rinsed 5 times with wash buffer where the wells were soaked with 0.35 mL wash buffer for at least 1 minute for each wash. Next, 50 μl of each solution A and B were added to each well. The plates were incubated again for 10 minutes at 37 0 C in dark. Finally, 50μl of stop solution was added into each well and incubated for another 30 minutes. The initial color blue will turn into yellow. The absorbance of samples in 96 well plates was read by ELISA Reader 450 nm.
Data Analyses
All data are presented as mean ± SD, where group of control n=7, HF n=6, HF+Fc FrEx n=8 and HF+Fc LfEx n=8. The lower number of data in control and HF group were due to exclusion (not fit, sick, etc). The data were analyzed for normality using the Shapiro-Wilk test (p<0,05). Paired T-test was used to determine the difference between pre and post-test data. To determine the difference among groups the means were analyzed by One Way ANOVA. When there is a significant difference post hoc Least Significant Difference (LSD) was done (p<0.05). Statistical analysis was carried out using SPSS. 21
Results and Discussion Rat Body Weight and Food Intake
In each group, there was a significant increase in body weight and food intake ( Table 1) before and after treatment. However, this increase was not significantly different among groups (p>0.05). It indicated that in spite of a difference in energy content between control (normal) diet and high fat diet, food intake was not different. Our result was similar to Levin et al., (2003) who also found no difference in body weight gain between an obese rat with a low-fat diet compared to non-obese rat with a high-fat diet which could be related to genetic factors affecting obesity. 25 Other factor is the regulation of body weight and food intake can be affected by the activity of leptin, where a high-fat diet will reduce the levels of leptin thereby increasing appetite. 27 The highest feed intake was found in HF+Fc FrEx group so that the highest body weight gain was also found in this group. High-fat diet could increase the amount of fat deposited in adipose tissue under the skin and in abdomen in the form of triglycerides (TG). TG, when needed, will be hydrolyzed into free fatty acids and glycerol which are then oxidized to produce energy. Fat accumulation in the form of TG in adipose could increase the body weight. 28 However, there was no significant difference in body weight among groups, therefore the fat accumulation, unlike muscle mass, may not be enough to give significant difference in body weight. 
Effect Ethanol Extracts F. carica Fruit and Leaf Administration on Serum Lipid Profiles
Serum lipid profiles ( Figure 2 ) showed that all intervention groups experienced a decrease in serum cholesterol, LDL chol and TG levels. Fc FrEx can decrease the level of serum cholesterol and LDL chol level better compared to Fc LfEx .
On the other hand, TG and HDL chol level in all groups were not significantly different and all groups experienced a decrease. The fruits of F. carica has been shown to contain polyphenolic compounds i.e. flavonoids (quercetin-3-Orutinoside (rutin)) dihydroxybenzoic acid di-pentoside, hydroxycinnamic acids, hydroxycoumarin, anthocyanins (cyanidin 3-rutinoside), and furanocoumarins. 16 The leaves contains ferulate, coumarate, cinnamate, quercetin, and psoralen. 14 The polyphenolic compounds are well known antioxidants that can prevent lipid peroxidization and minimizing oxidation involving ROS. 29, 30, 31 Our results in Table 2 showed that total polyphenol of Fc FrEx (13.15 mg GAE/100 gr fresh extract) is approximately twice higher than Fc LfEx (6.23 mg GAE/100 gr fresh extract). Therefore Fc FrEx had higher potential to decrease serum cholesterol and LDL chol level compared to Fc LfEx . Note: Data consisted of two replicate analyses Our results regarding serum lipid profile are similar to other works who reported that F. carica leaves can decrease significantly serum lipid in diabetic and high-lipid fed rats. 14, 16, 17 Our studies are different than the two studies in solvent used for extraction, dosage of administration, the types of high fat diet (30% fat and 2% cholesterol), time of extract adminstration, and that other studies did not show the difference between post and pre test. In Belguith Hadriche et al., (2016) study, administration of the extracts were started from the beginning until the end of experiment. 16 In our study, the extracts were administered after the animals had established dyslipidemia. Our results are also different from Jorin et al., (2013) who reported higher HDL chol in normal and F. carica treated group, therefore they suggested that lowered serum total cholesterol and LDL chol might be mediated through HDL chol . 17 Our results showed that HDL chol decreased at the end of experiment in all groups, indicating different mechanism possibly mediated by antioxidant activity of polyphenol in the extract which exert its effect by reducing oxidative stress due to high fat diet. This possibility is corroborated in TNF-α and MDA results and discussion.
Cardiac Risk Ratio
The ratio of total cholesterol level to HDL levels is used to predict the risk of cardiovascular disease. 31 This ratio is called the Cardiac Risk Ratio. 32, 33 High cholesterol levels and low HDL chol level will increase the Cardiac Risk Ratio. A study by Woodward et al., (2007) showed that normal ratio of cholesterol to HDL levels is ≤4.2.35 Our results (Table 3) show that C, HF+Fc FrEx , and HF+Fc LfEx groups have a normal ratio of TC/HDL and only in HF group has the highest ratio, indicating a high risk of cardiovascular disease. This results support further the ability of F. carica extracts to normalize high-fat diet associated dyslipidemia in rats. 
Administration of Fc FrEx and Fc LfEx on Serum TNF-α and MDA
Our data in Figure 3 showed that TNF-α and MDA levels in the control group (C) decreased significantly after 3 weeks. In contrast, TNF-α and MDA levels in HF group increased significantly (p=0.025 and p=0.002 respectively). This data in HF group proves that dyslipidemia leads to an increase in serum TNF-α and MDA levels, indicating the presence of inflammation and oxidative stress. In HF+Fc FrEx and HF+Fc LfEx groups, TNF-α and MDA levels after 3 weeks administration of the extracts decreased similarly to control group (C) (p<0.001). Again this data proves that Fc FrEx and Fc LfEx can prevent serum TNF-α and MDA rise due to high fat diet so that it can return to normal level.
Reduction of serum TNF-α in HF+Fc FrEx and HF+Fc LfEx could be due to prevention of dyslipidemia which is shown by a decrease in serum lipid comparable to control group (Figure 2 ). Dyslipidemia can lead to endothelial dysfunction where LDL particles trapped inside sub-intimal can be oxidised and damaged by free radicals and attract macrophages to release pro-inflammatory cytokines such as TNF-α. Consequently as dyslipidemia has been prevented TNF-α production is reduced. Prevention of dyslipidemia can reduce lipid substrate to peroxidation which lead to MDA formation, and therefore prevention of dyslipidemia can reduce MDA production. 6, 7 Reduction in serum TNF-α and MDA level in our study are likely to be due to polyphenolic content of F.carica as a strong antioxidants and the mechanism is mediated by free radicals and oxidants captures, and shielding cells and tissues from oxidative damage by radicals. 36, 37, 38 , Therefore, inflammation and oxidative stress due to high fat diet are blocked. Over all, our findings proved that ethanol extract of F. carica fruits or leaves can similarly normalize serum cholesterols, LDL chol , TG, TNFα, and MDA level in rats fed high fat diet. Our studies added evidences to the existing data that ethanol extract of F. carica fruits or leaves can prevent the rise of serum lipid profile, inflammation, and oxidative stress due to high fat diet in Sprague Dawley rats.
Conclusion
Administration of ethanol extract of F. carica fruits or leaves at 400mg/kg BW for 3 weeks in male Sprague dawley rats fed high-fat diet can ameliorate serum lipid profile, TNF-α, and MDA rise due to high lipid diet induced dyslipidemia to normal level.
